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Description 

The present invention relates to 1,l,2-trif!uoro-2-(trans-4-substituted cyclohexyl)ethylenes useful as intermediates 
for liquid crystal compounds and a process for their production. 

WO 92/21734 generically discloses vinyl compounds which are useful as components of liquid crystalline media 
However WO 92/21 734 does not disclose the specific 1 , 1 ,2-trif luoro-2-(trans-4-substituted cyclohexyi)ethylene derive 
tives of the present invention. 

The 1 ,1 ,2-trifluoro-2-(trans4-substituted cydohexyOethylenes of the present invention are novel compounds A 
known compound having a structure similar to the compounds of the present invention may be 1 1 2-trifhjoro-2- 
butylethylene. This known compound can be obtained in a yield of 80% by reacting tetrafluoroethylene with n-butyl lith- 
ium (J. Chem. Soc., 1956, 400 (1956)). y 

However to prepare a 1 ,1 ,2-trifluoro-2.(trans-4«alkylcyclohexyl)ethylene of the present invention by adopting such 
a known method, it is necessary to obtain a trans-4-alkylcyclohexyl lithium first However, a 4-alkylcyciohexyl lithium of 
trans-form can hardly be synthesized. Besides, it is practically difficult to have the actual reaction proceeded while 
maintaining the stereochemical structure. 

It is an object of the present invention to provide novel compounds useful as intermediates for liquid crystals and a 
process for efficiently producing such novel compounds. 

The present invention provides a 1,1,2-trifluoro-2.(trans-4.substituted cyclohexyl)ethylene of the formula (1): 

R-(A) m -Cy-CF=CF 2 (1) 

wherein R is a d. 10 alkyi group, a halogen atom or a cyano group provided that in the case of the alkyi group an 
oxygen atom may be interposed in a carbon-caibon bond of the alkyi group or in a carbon-carbon bond between 
this alkyi group and A, some of carbon-carbon bonds in the alkyi group may be triple bonds or double bonds one 
-CH 2 - group in the alkyi group may be substituted by a carbonyl group, and some or all of hydrogen atoms in the 
alkyi group may be substituted by fluorine atoms; 
Cy is an unsubstituted trans- 1,4-cyclohexylene group; 

A is a trans- 1 ,4-cycIohexylene group, a 1 ,4-phenylene group or a 1 ,4-cyclohexenylene group, wherein each of such 
cyclic groups is unsubstituted or substituted by one or more halogen atoms or cyano groups, one or more =CH- 
groups constituting rings of such cyclic groups may be substituted by nitrogen atoms, and one or more -CH 2 -groups 
constituting rings of such cyclic groups may be substituted by oxygen atoms or sulfur atoms- and 
misOorl. 

Further, the present invention provides a process for producing a 1,1.2-trifluoro-2-(trans-4-substituted 
cyclohexyl)ethylene of the formula (1), which comprises fluorinating a compound of the formula (13) to obtain a com- 
pound of the formula (14), and further dehydrofluorinating the compound of the formula (14): 

R-(A) m -Cy-CH=CF 2 (13) 

R-(A) m -Cy-CHFCF 3 (14) 

R-(A) m -Cy-CF=CF 2 (1) 

wherein R, Cy, A and m are as defined above. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

R in the formula (1) is a C^o alkyi group, a halogen atom or a cyano group, preferably a Cj 10 alkyi group The 
carbon number of the alkyi group is preferably from 1 to 8, more preferably from 1 to 6. In the case of the alkyi group 
an oxygen atom may be interposed between a carbon-carbon bond in the alkyi group or in a carbon-carbon bond 
between the alkyi group and A. Further, some of carbon-carbon bonds in the alkyi group may be in the form of triple 
bonds or double bonds, and one -CH 2 - group in the alkyi group may be substituted by a carbonyl group. The group 
wherein an oxygen atom is interposed in a carbon-carbon bond in the alkyi group or in a caibon-caibon bond between 
the alkyi group and A, is preferably a group wherein one oxygen atom is interposed, i.e. an alkoxyl group or a group 
having an alkoxyl moiety. The group wherein some of carbon-carbon bonds in the alkyi group are triple bonds or double 
bonds, is preferably a group wherein one carbon-caibon bond is a triple bond or a double bond, i.e. an alkenyl group or 
an alkynyl group. The group wherein one -CH 2 - group in the alkyi group is substituted by a carbonyl group, is preferably 
an acyl group. 

Further, some or all of hydrogen atoms of such an alkyi group (i.e. an alkyi group, a group wherein an oxygen atom 
is interposed in a carbon-carbon bond in the alkyi group or in a carbon-caibon bond between the alkyi group and A, a 
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group wherein some of carbon-carbon bonds in the alkyl group are triple bonds or double bonds, or a group wherein 
one -CH 2 - group in the alkyl group is substituted by a carbonyt group) may be substituted by fluorine atoms. Particularly 
preferred is a group wherein all of the hydrogen atoms are substituted by fluorine atoms, or a group having a moiety 
wherein ail of hydrogen atoms are substituted by fluorine atoms. 
5 Further, R is preferably of a straight chain structure in any one of the above alkyl groups. 

In a case where R in the formula (1) is a halogen atom, a fluorine atom or a chlorine atom is preferred, and partic- 
ularly preferred is a fluorine atom. 

Further, Cy in the formula (1) is an unsubstituted trans-1,4-cyctohexylene group. 

A in the formula (1) is a trans-1,4-cyclohexylene group, a 1 ,4-phenylene group or a 1 ,4-cyclohexenylene group. 
10 Each of such cyclic groups is unsubstituted or substituted by one or more halogen atoms or cyano groups. When A has 
a substituent, the substituent is preferably a halogen atom, particularly a fluorine atom or a chlorine atom. 

Further, one or more =CH- groups constituting rings of such cyclic groups of A may be substituted by nitrogen 
atoms, and one or more «CH 2 - groups constituting such rings may be substituted by oxygen atoms or sulfur atoms. 
However, the =CH- groups and the -CH 2 - groups constituting the rings are preferably unsubstituted. 
15 In the formula (1), m is 0 or 1 . When m is 0, Cy and R in the formula (1) are directly bonded. 

The 1 ,1 ,2-trif luoro-2-(trans-4-sifostituted cyclohexyl)ethylene of the above formula (1) is preferably the one repre- 
sented by the formula (2): 



R 1 -(A 1 ) m -Cy-CF«CF 2 (2) 



20 



In the formula (2), Cy and m have the same meanings as in the formula (1 ), and R 1 and A 1 have the following mean- 
ings. 

R 1 is a C^o alkyl group, wherein an oxygen atom may be interposed in a carbon-carbon bond of the alkyl group 
or in a carbon-carbon bond between the alkyl group and A 1 , some of carbon-carbon bonds in the alkyl group may be 
25 triple bonds or double bonds, one -CH 2 - group in the alkyl group may be substituted by a carbonyl group, and some or 
all of hydrogen atoms in such an alkyl group may be substituted by fluorine atoms. 

A 1 is a trans-1,4-cyclohexylene group, a 1 ,4-phenylene group or a 1 ,4-cyclohexenylene group, wherein each of 
such cyclic groups is unsubstituted or substituted by one or more fluorine atoms. 

When m is 0, the formula (2) represents a 1 ,1 ,2-trif luoro-2-(trans-4-aIkylcyclohexyl)ethylene of the formula (3). 

30 

R 1 -Cy-CF=CF 2 (3) 
In the formula (3), R 1 and Cy have the same meanings as in the formula (2). 
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(3) 



40 

Specific examples of the compound of the formula (3) include the following compounds. However, the compound 
of the formula (3) is not limited to such specific examples. 
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CaHs-Cy-CFoCF., 


(3A) 


n-C3H r Cy-CF=CF 2 


(3B) 


n-C 4 H 9 -Cy-CF=CF 2 


(3C) 


n-C5H ir Cy-CF=CF2 


(3D) 


C2H s O-Cy-CF=CF 2 


(3E) 


C2H50CH 2 -Cy-CF=CF 2 


(3F) 


CH 3 CH=CHCH 2 -Cy-CF=CF 2 


(3G) 


CH 3 OC-Cy-CF=CF 2 


(3H) 
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CF 3 -Cy-CF=CF 2 (31) 
CF 3 0-Cy-CF=CF 2 ( 3J ) 
CF 3 CH 2 0-Cy-CF=:CF 2 ( 3K) 
CH 3 C(0)-Cy-CF=CF 2 (3L) 
Further, when m is 1 , the formula (2) represents a compound of the formula (4). 

R 1 -A 1 -Cy-CF=CF 2 (4) 
In the formula (4), R 1 , A 1 and Cy have the same meanings as in the formula (2). 

A 1 in the formula (4) is preferably an unsubstituted trans-1 ,4-cydohexyiene group, an unsubstituted 1 ,4-phenylene 
is group or an unsubstituted 1 ,4^yclohexenylene group, or a 1 ,4-phenylene group having one or more fluorine atoms. 

When A is an unsubstituted trans-1 ,4-cyclohexylene group, the formula (4) represents a 1 ,1 ,2-trif luoro-2-[trans-4- 
(trans-4-aIkylcyclohexyl)cyclohexyl]ethylene of the formula (5): 
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R 1 -Cy 1 -Cy-CF=CF 2 (5) 

In the formula (5), R 1 and Cy have the same meanings as in the formula (2), and Cy 1 is an unsubstituted trans-1 4- 
cyclohexylene group. 

Rl {SX?) CF = CF2 (5) 



Specific examples of the compound of the formula (5) include the following compounds. However, the the com- 
pound of the formula (5) is not limited to such specific examples. 

C 2 H 5 -Cy-Cy«CF=CF 2 (5A) 

n-C3H 7 -Cy-Cy-CF=CF 2 (5B ) 

n-C 4 H 9 -Cy-Cy-CF=CF 2 (5C) 

40 n-C5H ir Cy-Cy-CF=CF 2 (5D) 

C 2 H50-Cy-Cy-CF=CF 2 ( 5E ) 

C 2 H 5 OCH 2 -Cy-Cy-CF=CF 2 ( 5F) 

CH 3 CH=CHCH 2 -Cy-Cy-CF=CF 2 (5G) 

CH 3 C«C-Cy-Cy-CF=CF 2 (5H) 

50 CF 3 -Cy-Cy-CF=CF 2 {5 I) 

CF 3 0-Cy-Cy-CF=CF 2 (5J) 

CF 3 CH 2 0-Cy-Cy-CF=CF 2 (5K) 

CH 3 C(0)-Cy-Cy-CF=CF 2 (5L) 
Further, when A 1 is an unsubstituted 1,4-phenylene group, the formula (4) represents a 1,1,2-trifluoro-2-[trans-4- 
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(4-alkylphenyf)cyclohexyl]ethylene of the formula (6): 

R 1 -Ph-Cy-CF=CF 2 (6) 

5 In the formula (6), R 1 and Cy have the same meanings as in the formula (2), and Ph is an unsubstituted 1 ,4-phe- 
nylene group. 

R* ^Xh>CF = CF 2 (6) 



Specific examples of the compound of the formula (6) include the following compounds. However, the the com- 
75 pound of the formula (6) is not limited to such specific examples. 



CoHq-Ph-Cv-CF=CFo 




n-C3H r Ph-Cy-CF«CF 2 


(6B) 


n-C 4 H 9 -Ph-Cy-CF=CF 2 


(6C) 


n-C 5 H ir Ph-Cy-CF=CF 2 


(6D) 


CsHsO-Ph-Cy-CF-CFg 


(6E) 


C 2 H 5 OCH 2 -Ph-Cy-CF=CF 2 


(6F) 


CH 3 CH=CHCH 2 -Ph-Cy-CF=CF 2 


(6G) 


CH 3 C«C-Ph-Cy-CF=CF 2 


(6H) 


CF 3 -Ph-Cy-CF=CF 2 


(61) 


CF 3 0-Ph-Cy-CF=CF 2 


(6J) 


CF 3 CH 2 0-Ph-Cy-CF=CF 2 


(6K) 


CH 3 C(0)-Ph-Cy-CF=CF 2 


(6L) 



40 

Further, when A 1 is a 1 ,4-phenylene group substituted by one fluorine atom, the formula (4) represents a 1 ,1 ,2-tri- 
fluoro-2-{trans-4-[4-alkyl(fluorophenyl)]cyclohexyl}ethylene of the formula (7): 

R 1 -PhF-Cy-CF=CF 2 (7) 

45 

In the formula (7), R 1 and Cy have the same meanings as in the formula (2), PhF is a f luorinated 1 ,4-di-substituted 
phenyiene group having one hydrogen atom of the 1 ,4-di-substituted phenyl ene group substituted by a fluorine atom, 
wherein the fluorine atom may be bonded to the 2-position (the formula (7-1)) or to the 3-position (the formula (7-2)). 

50 
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R'<0^<H>CF = CF 2 (7-1) 
F 

R'^<H>CF = CF 2 (7-2) 



Specific examples of the compound of the formula (7) include the following compounds. However, the the com- 
is pound of the formula (7) is not limited to such specific examples. 

C2H 5 -PhF-Cy-CF=CF 2 ( 7A ) 

^ n-C3H r PhF-Cy-CF=CF 2 ( 7B ) 

n-C 4 H 9 -PhF-Cy-CF=CF 2 (7C) 

n-C 5 Hi r PhF-Cy-CF=CF 2 (7D) 

25 C 2 H50-PhF-Cy-CF=CF 2 (7E) 

C 2 H 5 OCH 2 -PhF-Cy-CF=CF 2 ( 7F ) 

^ CH 3 CH=CHCH 2 -PhF-Cy-CF=CF ( 7 G) 

CH 3 C=C-PhF-Cy-CF=CF 2 (7H ) 

CF 3 -PhF-Cy-CF=CF 2 ( 7 |) 

35 CF 3 0-PhF-Cy-CF=CF 2 (7 j) 

CF 3 CH 2 0-PhF-Cy-CF=CF 2 ( 7K ) 

CH 3 C(0)-PhF-Cy-CF=CF 2 ( 7L) 
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Further, when A 1 is a 1,4-phenylene group substituted by two fluorine atoms, the formula (4) represents a 1 1 2- 
trifIuoro-2-{trans-4-[4-alk^ 

R 1 -PhFF-Cy-CF=CF 2 (8 ) 

In the formula (8), R 1 and Cy have the same meanings as in the formula (2), PhFF is a drfluoro-1,4-phenylene 
group having two hydrogen atoms of the 1 ,4-di-substituted phenylene group substituted by fluorine atoms, wherein the 
fluorine atoms may be bonded to the 2- and 3-positions (the formula (8-1)) or to the 3- and 5-positions (the formula (8- 
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( 8 - 1 ) 



( 8 - 2 ) 



Specific examples of the compound of the formula (8) include the following compounds. However, the the com- 
pound of the formula (8) is not limited to such specific examples. 



C2H 5 -PhFF-Cy-CF=CF 2 


(8A) 


n-C3H 7 -PhFF-Cy-CF=CF 2 


(8B) 


n-C 4 H r PhFF-Cy-CF=CF 2 


(8C) 


n-C 5 H ir PhFF-Cy-CF=CF 2 


(8D) 


C2H50-PhFF-Cy-CF=CF 2 


(8E) 


C 2 H50CH 2 -PhFF-Cy-CF=CF 2 


(8F) 


CH 3 CH=CHCH 2 -PhFF-Cy-CF=CF 


(8G) 


CH 3 C=C-PhFF-Cy-CF=CF 2 


(8H) 


CF 3 -PhFF-Cy-CF=CF 2 


(81) 


CF 3 0-PhFF-Cy-CF=CF 2 


(8J) 


CF 3 CH 2 0-PhFF-Cy-CF=CF 2 


(8K) 


CH 3 C(0)-PhFF-Cy-CF=CF 2 


(8L) 



Further, when A 1 is an unsubstituted 1,4-cyclohexenylene group, the formula (4) represents a 1,1,2-trifluoro-2- 
[trans-4-(4-alkylcyclohexenyl)cyclohexyl]ethylene of the formula (9): 

R 1 -Ch-Cy-CF=CF 2 (9) 

In the formula (9), Ft 1 and Cy have the same meanings as in the formula (2), and Ch is a 1,4-cyclohexenylene 
group, preferably a 1,4-cyclohexylen-1-yl group. When Ch is a 1,4-cyclohexylen-1-yl group, the formula (9) represents 
a compound of the formula (9-1). 

R l -(3^Cy-CF = CF 2 ( 9 - 1 ) 



Specific examples of the compound of the formula (9) include the following compounds. However, the the com- 
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pound of the formula (9) is not limited to such specific examples. 





CoHc-Ch-Cv-PF-PP~ 


(9A) 


5 


n-P«H-r-Ph-P\/.PF-PC 


(9B) 




n-C^Hn-nh-f!v/-PF-rp 


(9C) 


10 


n-CchL ^ -Ch-Pv-PF-PP 


(9D) 




Co HcO-Ch -Pv-PF-P F~ 


(9E) 




CaHcOd-U-Ph-Pv-PF-PF 


(9F) 


15 


CHoCH=CHCHo-Ch-Cv-PF-PP 


(9G) 




CHoPaP.Ph-P\/-PP-.PP 


(9H) 


20 


CF 3 -Ch-Cy-CF=CF 2 


(90 




CF 3 0-Ch-Cy-CF=CF 2 


(9J) 




CF 3 CH20-Ch-Cy-CF=CF 2 


(9K) 


25 


CH 3 C(0)-Ch-Cy-CF=CF 2 


(9L) 



^n^tfL P ^ 68 01 ** ° 0mp0Und 01 1,16 ,ormula < 1 > Wherein A ^ a group substituted by one or more 
cyano groups, a group wherem one or more =CH-groups constituting the rings are subsSuted by nitroden atoms oTa 

so the fol.ow.ng compounds. However, such a compound of the formula (1) is not MM to such speifcexampTes 
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R^V<H>-CF=CF2 



N 



RH^N-(h)-CF=CF2 



R-\_ HT>-CF=CF2 



R-Q-(h}-<:F=CF2 
CN 



The compound of the formula (1) of the present invention can be prepared by a process which comprises fluorinat- 
ing 1,1 -difluoro-2-(trans-4-substituted cyclohexyl) ethylene of the formula (13), followed by dehydrofluorination. By this 
process, the compound of the present invention can efficiently be prepared while maintaining the stereochemistry of the 
cyclohexyl group. 

Namely, the 1,1-difluoro-2-(trans-4-substituted cyclohexyQethylene of the formula (13) is fiuorinated to obtain a 
compound of the formula (14). This fluorination reaction is conducted preferably by reacting the compound of the for- 
mula (13) with cobalt trifluoride in the presence of water. The amount of cobalt trifluoride is preferably from 2 to 15 
equivalents, more preferably from 6 to 10 equivalents, per equivalent of the compound of the formula (13). Further, the 
amount of water is at a level of from 0.01 to 0.2 part by weight, preferably from 0.05 to 0.1 part by weight, per part by 
weight of the compound of the formula (1 3). The temperature for the fluorination reaction is usually at a level of from 20 
to 120°C, preferably from 90 to 1 05°C. The time for the fluorination reaction is usually from about 0.5 to 6 hours, pref- 
erably from 1 to 4 hours. 

Then, the compound of the formula (14) is dehydrofluorinated to obtain a compound of the formula (1) of the 
present invention. This dehydrofluorination reaction is preferably carried out in the presence of an alkyl lithium, partic- 
ularly preferably in the presence of n-C 4 H 9 Li. The amount of the alkyl lithium is usually preferably from about 1 to 1 .2 
equivalents, particularly preferably from 1 to 1 .05 equivalents, per equivalent of the compound of the formula (14). The 
reaction temperature is preferably from -100 to -40°C, particularly preferably from -80 to -60°C. Further, it is preferred 
to use a solvent for the dehydrofluorination reaction. As the solvent, an ether or a hydrocarbon is preferred. Particularly 
preferred is tetrahydrofuran, diethyl ether or hexane. The amount of the solvent is preferably from 10 to 20 parts by 
weight, per part by weight of the compound of the formula (14). 

On the other hand, the compound of the formula (13) can be readily prepared in accordance with conventional 
methods. As an example, a method may be mentioned wherein it is prepared from a compound of the formula (10). The 
following scheme illustrates a route for preparing the compound of the formula (1 3) of the present invention from a com- 
pound of the formula (10), and a route for preparing a compound of the formula (1) of the present invention from the 
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compound of the formula (13). In the following scheme. R, A, Cy and m have the same meanings as in the formula (1). 

(10) 



10 



15 



20 



25 



R - (A) ■» - Cy-COOH 

i LiAlH< 
R - (A) « : Cy-CHi OH 

i C 5 HsNH*-ClCr0 3 - 
R - (A) „ - Cy-CHO 

i CF 2 Br 2 /(Me 2 N) 2 P 

R - ( A ) •« -Cy-CH=CF 2 
i 

R - (A) n - Cy-CHFCF 3 
i 

R- (A) m -Cy-CF = CF 2 



(11) 
(12) 
(13) 
(14) 
( 1 ) 



Firstly, a carboxylic acid derivative of the formula (10) is reduced by lithium aluminum hydride (LiArtty to obtain an 
alcohol derivative of the formula (1 1). Then, this alcohol derivative (11) is oxidized by pyridinium chlorochromate to 
obtain an aldehyde derivative of the formula (12). Then, the obtained aldehyde derivative (1 2) is reacted with dibromod- 
so if luoromethane and trisdimethylarrinophosphine to obtain a compound of the formula (1 3). Then, the compound of the 
< 1 ) can be Prepared from the compound of the formula (1 3) in accordance with the process of the present inven- 

The compound of the formula (1) of the present invention is a novel compound. This compound is useful particu- 
larly as an intermediate for a liquid crystal compound. The liquid crystal compound which can be prepared from the 
as compound of the formula (1) is not particularly limited. However, the following method may. for example, be mentioned 
for the preparation of a liquid crystal compound disclosed in Japanese Unexamined Patent Publication No. 40967/1 994 
In the following scheme. R, A, Cy and m have the same meanings as in the formula (1). and X is a bromine atom or an 
iodine atom, and R z is an alkyl group or a halogen atom. 
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R 2 - P h - X (15) 



n - B u L i 

R-(A) m -Cy-CF = CF 2 (1) 



R ~ ( A) 



-Cy-CF = CF-Ph-R 2 ( i6 ) 



Firstly, a compound of the formula (15) is treated with n-C 4 H 9 Li and then reacted with a compound of the formula 
55 (1 ) at a low temperature to obtain a compound of the formula (16). 

In a case where a compound of the formula (1 8) which corresponds to the formula (16) wherein the -Ph-R 2 moiety 
is -Cy-R , is to be prepared, a halogenated cyclohexane compound of the formula (1 7) is lilhium-modif ied by a U metal 
in the presence of an electron transfer agent such as 4,4'-di-tert-birtylbiphenyl and then reacted with a compound of the 
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formula (1) at a low temperature to obtain a compound of the formula (18). 

Such compounds of the formulas (16) and (18) are useful as compounds for STN or TFT, and they can readily be 
prepared in good yield by a simple operation by using the compound of the present invention as the starting material. 



10 



15 



R 



2 _ 



C y - X (17) 



Electron transfer agent /Li 
R-(A).-Cy-CF = CF. (1) 

R-(A) m -Cy-CF = CF-Cy-R 2 (18) 



Now, the present invention will be described in further detail with reference to Examples. However, it should be 
20 understood that the present invention is by no means restricted by such specific Examples. 

EXAMPLE 1 

First step 

Into a 1/ four-necked flask, 22.3 g (0.588 mol) of LiA*H 4 and 300 cc of tetrahydrofuran (hereinafter referred to as 
THF) were introduced and cooled to 0°C. A solution having 100 g (0.588 mol) of trans-4-n-propylcyclohexane carboxylic 
acid dissolved in 300 cc of THF, was dropwise added thereto with stirring at a temperature of not higher than 10°C over 
a period of 2 hours. The mixture was further stirred at room temperature for 12 hours. Then, 200 cc of a 20% sulfuric 
acid aqueous solution was added thereto, and the mixture was extracted with ethyl ether. The extract was washed with 
water and dried, and then the solvent was distilled off, followed by distillation under reduced pressure 88°C/4 mmHg) to 
obtain 89.3 g (yield: 97%) of trans-(1-hydroxymethyl-4-n-propyl)cyclohexane. 

n-C3H 7 -Cy-CH 2 OH 

35 

Second step 

Then, into a 21 four-necked flask, 370.2 g (1 .71 7 mols) of pyridinium chlorochromate, 23.5 g (0.286 mol) of sodium 
acetate and 1 .2/ of methylene chloride were charged, and a methylene chloride solution containing 89.3 g (0.572 mol) 

40 of trans-(1 -hydroxymethyl-4-n-propyl)cyclohexane obtained in the first step, was dropwise added thereto at room tem- 
perature. The mixture was stirred at room temperature for one hour. Then, 11 of diethyl ether was added thereto, and 
anhydrous magnesium sulfate was further added thereto. The obtained tar-like substance was filtered off. The filtrate 
was concentrated under reduced pressure. Then, 200 cc of diethyl ether was again added thereto, and the tar-like sub- 
stance was filtered off. The filtrate was concentrated under reduced pressure and then purified by silica gel column 

45 chromatography. The obtained crude solution was further distilled under reduced pressure (64°C/3 mmHg) to obtain 
56.0 g (yield: 64%) of 4-n-propyl-transcyclohexane carbaldehyde. 

n-C 3 H r Cy-CHO 

so Third step 

Into a M four-necked flask equipped with a condenser and a gas-supply tube, 400 cc of triglyme dehydrated by 
CaH 2 , was introduced and cooled to 0°C. Then, 101 g (0.481 mol) of dibromodifluoromethane (CF 2 Br 2 ) was blown 
thereinto. Then, a solution containing 156.7 g (0.961 mol) of trisdimethylaminophosphine [(CH 3 ) 2 N] 3 P and 200 cc of 
55 triglyme, was dropwise added thereto at 0°C over a period of 15 minutes. After the dropwise addition, the mixture was 
stirred at room temperature for 15 minutes. Then, a solution containing 37.0 g (0.24 mol) of 4-n-propyl-transcyclohex- 
ane carbaldehyde obtained in the second step and 1 00 cc of triglyme, was dropwise added thereto at room temperature 
over a period of 1 5 minutes, and the mixture was further reacted at 85°C for 2 hours. 
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the Sl^JSlZ 55 T 00 01 water was added *«* The ^ extracted with n-hexane. and 
JlSl 7 f he ? Wrth " Btor and dried - Then ' the was dis «»e° off. and the obtained crude solution was 
cobmn *roma»ography. The obtained crude solution was further distilled under reducX^re 
(78 C/20mmHg) to obtain 28.6 g(yeld: 63%) of 2-(trans-4-n-propylcyclohexy0-1.1-difluoroethylene 



n-C 3 H 7 -Cy-CH=CF 2 

Fourth step 



mo^^JSSS^SSS "3 ^ 2 -^ ns - 4 -"-P~Py'cyc«ohexyI)-1.l< J H 1 uoroethy1ene obtained in the flu 
Sw^Z ( I^S } ^' de ' 1 cco,waterand lOOOccof CCi 2 FCC«= 2 (hereinafter referred to as FC- 

113) were charged and reacted at 100'C for 3 hours. After cooling the mixture, inorgante salts were filtered off and the 

off. and the obtained crude solute was purified by silica gel column chromatography to obtain 15.5 g (purity 86%) 
a crude solution of 2-(trans^i^cyctohexyl)-1.1.1.2-tetrafluoroethane. 10.0 g (purity 86%) of 

n-C3H 7 -Cy-CHFCF 3 

Fifth step 

'|^ a J' fo " r -"^ "^J 55 9 01 a «•* solution of 2-(trans^-n. pro pyicyclohexyl).1.l,l.2-tetrafluoroethane 
obtained m the fourth step and 200 cc of dry THF were charged and cooled to -78«C. Then 37 5 cc (0 06 mol) of an 

runner reacted at -78 C for 2 hours. Then, the temperature was raised to room temperature, and 500 cc of 1N hvdro- 

S^r/^?^^ 6 ' ayer W3S Separated - 1,16 aqueous la ^ was extracted^Cne^ 
U ^ StS"^ 1 '" ° rganiC la ^ 77,6 combined or 9 a ™ 'ayer was washed with water and dried Then 

liEEZZXZi £ "5 ^ ° bteined ^ 80,1,80,1 "» PUrf i6d by Silica 9 el co,umn chromatographyTo obS 
7.53 g (yeld. 62%) of 2-(trans^-n-propylcyclohexyl)-1 ,1 ,2-trifluoioethylene. 

n-C3H7-Cy-CF=CF 2 
The spectrum data of this compound are shown below. 

35 T^SS^!^ frDm ^? 3 . : " 1 ° 7 - 4 Ppm(d ' d ' J ^= 92 8 Hz ' ^F=33.1 Hz), -125.4 ppm (d.d ^2.8 Hz, 
MSrtb 2CW) (d,dtd ' Jp - F=33 - 1 Hz ' J P-F= 1126 H *. Jf-h=26.5 Hz) 

In the same manner as In Example 1 , the following compounds were prepared. 

CH 3 -Cy«CF=CF 2 , 
C 2 H 5 -Cy-CF=CF 2l 
n-C 4 H 9 -Cy-CF=CF 2 , 
n-CsH^-Cy-CFsCFa. 



EXAMPLE 2 



50 



55 



The reasons were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
cohexane carboxyhc acid used in the first step in Example, 148 g (0.588 mol) of trans^trans^niropylcy- 

^^Sn! xane acld ras used ' t0 M ™ 950 9 - 2 <^<^^ 



n-C3H 7 -Cy-Cy-CF=CF 2 

MS m/e: 288(M + ) 
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In the same manner as in Example 2, the following compounds were prepared. 

CH 3 -Cy-Cy-CF=CF 2 , 
n-(^H 5 -Cy-Cy-CF=CF 2 , 
n-C 4 H 9 -Cy-Cy-CF=CF 2 , 
n-C 5 H 1 1 -Cy-Cy-CF=CF 2 . 

EXAMPLE 3 

The reactions were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
clohexane carboxylic acid used in the first step in Example 1, 101 g (0.588 mol) of trans-4-ethoxycycIohexane carbox- 
ylic acid was used, to obtain 7.10 g of 2-(trans-4-ethoxycyclohexyl)-1 ,1 ,2-trifluoroethylene. 

C2H 5 0-Cy-CF=CF 2 

MS m/e: 208(M + ) 

In the same manner as in Example 3, the following compounds were prepared. 

CH 3 0-Cy-CF=CF 3l 
n-C 3 H 7 0-Cy-CF=CF 2 . 

EXAMPLE 4 

The reactions were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
clohexane carboxylic acid used in the first step in Example 1, 115 g (0.588 mol) of trans-4-trifluoromethylcyclohexane 
carboxylic acid was used, to obtain 6.90 g of 2-(trans-4-trifluoromethylcyclohexyI)-1 i 1 ,2-trifluoroethylene. 

CF 3 -Cy-CF=CF 2 

MS m/e: 232(M + ) 

In the same manner as in Example 4, the following compounds were prepared. 

C 2 F 5 -Cy-CF=CF 2 , 
C2F 5 CH 2 -Cy-CF=CF 2 . 

EXAMPLES 

The reactions were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
clohexane carboxylic acid used in the first step in Example 1, 95.6 g (0.588 mol) of trans-4-chlorocyclohexane carbox- 
ylic acid was used, to obtain 6.45 g of 2-(trans-4-chlorocydohexyI)-1 , 1 ,2-trif luoroethylene. 

C/-Cy-CF=CF 2 

MS m/e: 198(M + ) 
EXAMPLE 6 

Into a 100 cc three-necked flask equipped with a reflux condenser, 0.13 g (0.0055 mol) of metal magnesium and 
100 cc of dry THF were introduced under an argon atmosphere. Then, a few drops of 1-bromopropane were added 
thereto, and 0.67 g (0.0055 mol) of allyl bromide was dropwise added thereto at such a rate that heat generation con- 
tinued. After completion of the dropwise addition, refluxing was continued for one hour. Then, the mixture was left to 
cool to room temperature. 
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Separately, into a 100 cc three-necked flask equipped with a reflux condenser, 20 cc of a dry THF solution contain- 
ing 0.99 g (0.005 mol) of 2-(trans-4-chlorocyclohexyl)-1,1,2-trifluoroethylene obtained in Example 5 and 0.1 g of 1,3- 
bis(diphenylphosphino)propane dichloronickel [NiC* 2 (dppp)] t was introduced under an argon atmosphere, and the 
above solution was dropwise added thereto by means of a dropping funnel. 

After the dropwise addition, the mixture was stirred at room temperature for further 24 hours. Then, 20 cc of water 
was added thereto. Further, 20 cc of 20% hydrochloric acid was added thereto. The organic layer was separated, 
washed with water and dried. Then, the solvent was distilled off. The obtained crude product was purified by silica gei 
column chromatography to obtain 0.56 g (yield: 55%) of 2-(trans-4-allylcyclohexy0-1 , 1 ,2-trif iuoroethylene. 

CH 2 =CHCH 2 -Cy-CF= ! CF 2 

MS m/e: 204(M + ) 
EXAMPLE 7 

Into a 100 cc three-necked flask equipped with a reflux condenser, 0.13 g (0.0055 mol) of metal magnesium and 
10 cc of dry THF were introduced under an argon atmosphere. Then, a few drops of 1-bromopropane were added 
thereto. Further, 0.99 g (0.005 mol) of 2-(trans-4-chlorocyclohexyl)-1,1 ,2-trif Iuoroethylene obtained in Example 5 was 
dropwise added thereto at such a rate that heat generation continued. After completion of the dropwise addition, reflux- 
ing was continued for one hour. Then, the mixture was left to cool to room temperature. 

Separately, into a 100 cc three-necked flask equipped with a reflux condenser, 20 cc of a dry THF solution contain- 
ing 0.65 g (0.0055 mol) of HC=CCH 2 Br and 0.1 g of 1,3-bis(diphenylphosphino)propane dichloronickel [NiC/ 2 (dppp)J 
was introduced, and the above solution was dropwise added thereto by means of a dropping funnel. 

After the dropwise addition, the mixture was further stirred at room temperature for 24 hours, and then 20 cc of 
water was added thereto. Further, 20 cc of 20% hydrochloric acid was added thereto. The organic layer was separated, 
washed with water and dried. Then, the solvent was distilled off. The obtained crude product was purified by silica gel 
column chromatography to obtain 0.53 g (yield: 52%) of 2-[tran$-4-(2-propynyl)cyc!ohexyl]-1 ,1 ,2-trif Iuoroethylene. 

HC«CCH 2 -Cy-CF=CF 2 

MS m/e: 202(M + ) 
EXAMPLE 8 

Into a 100 cc three-necked flask equipped with a reflux condenser, 0.13 g (0.0055 mol) of metal magnesium and 
10 cc of dry THF were introduced under an argon atmosphere. Then, a few drops of 1-bromopropane were added 
thereto. Further, 0.99 g (0.005 mol) of 2-(trans-4-chlorocyciohexyO-1,1,2-trifIuoroethylene obtained in Example 5 was 
dropwise added thereto at such a rate that heat generation continued. After completion of the dropwise addition, reflux- 
ing was continued for one hour. Then, the mixture was left to cool to room temperature. 

Separately, into a 100 cc three-necked flask equipped with a reflux condenser, 20 cc of a dry THF solution contain- 
ing 1.35 g (0.0055 mol) of 4-n-propyliodobenzene and 0.1 g of 1,3-bis(diphenylphosphino)propane dichloronickel 
[NiC* 2 (dppp)3 was introduced under an argon atmosphere, and the above solution was dropwise added thereto by 
means of a dropping funnel. 

Further, the mixture was stirred at room temperature for 24 hours, and then 20 cc of water was added. Further, 20 
cc of 20% hydrochloric acid was added thereto. The organic layer was separated, washed with water and dried. Then, 
the solvent was distilled off. The obtained crude product was purified by silica gel column chromatography to obtain 0.86 
g (yield: 61%) of 2-[trans-4-(4-n-propylphenyI)cyclohexyl]- 1,1 ,2-trif Iuoroethylene. 

C 3 H r Ph-Cy-CF=CF 2 

MS m/e: 282(M + ) 

In the same manner as in Example 8, the following compounds were prepared. 

CH 3 -Ph-Cy-CF=CF 2 , 
C 2 H 5 -Ph-Cy-CF=CF 2> 
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n-C 4 H 9 -Ph-Cy-CF=CF 2 , 
n-C 5 H ir Ph-Cy-CF=CF 2 . 

5 EXAMPLE 9 

The reactions were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
clohexane carbaxyfic acid used in the first step in Example 1 , 85.8 g (0.588 mo!) of trans-4-f luorocyclohexane carboxylic 
acid was used, to obtain 6.08 g of 2-(trans-4-fluorocyclohexyl)-1 ,1 ,2-trif luoroethylene. 

10 

F-Cy-CF=CF 2 

MSm/e: 182(M + ) 
15 EXAMPLE 10 

The reactions were carried out in the same manner as in Example 1 except that instead of trans-4-n-propylcy- 
clohexane carboxylic acid used in the first step in Example 1, 117.6 g (0.588 mol) of trans-4-trifluoromethoxycyciohex- 
ane carboxylic acid was used, to obtain 7.12 g of 2^trans-4-trifluoromethoxycyclohexyl)-1,1,2-trifluoroethylene. 

20 

CF 3 0-Cy-CF=CF 2 

MS m/e: 248(M + ) 

25 In the same manner as in Example 1 0, the following compounds were prepared. 

C 2 F50-Cy-CF=CF 2l 
C2F 5 CH 2 0-Cy-CF=:CF 2 . 

30 

REFERENCE EXAMPLE 1 

Into a 300 cc four-necked f lask. 5.59 g (25.2 mmol) of 4-f luroiodobenzene and 30 cc of dry ethyl ether were charged 
and cooled to -78°C. Then, 17 cc (27.8 mmol) of a n-hexane solution of n-C 4 HgLj (1.63 moltf) was dropwise added 

35 thereto over a period of 1 5 minutes. Further, the mixture was stirred at -78°C for one hour. Then, 3.8 cc (25.5 mmol) of 
N.N.N'.N'-tetramethylene ethylenediamine was added thereto. Further, a dry diethyl ether (10 cc) solution containing 
1.3g (6.31 mmol) of 2-(trans-4-n-propylcyclohexyl)-1,1,2-trifluoroethy^ in Example 1, was dropwise added 

thereto over a period of 30 minutes. Further, the mixture was reacted at the same temperature for one hour, and then 
stirred at room temperature for one hour. Then, 50 cc of 1 N hydrochloric acid was added thereto. The organic layer was 

40 separated. The aqueous layer was extracted with n-hexane, and the extract was combined with the organic layer. The 
combined organic layer was washed with water and dried. Further, the solvent was distilled off. The obtained crude 
solution was purified by silica gel column chromatography to obtain a solid. This solid was recrystallized from methanol 
to obtain 0.71 g (yield: 40%) of (E)-1-(4-fluorophenyl)-2-(trans-4-n-propylcyclohexyl)-1,2<lifluoroethylene. 

45 n-C 3 H r Cy-CF=CF-Ph-F 

REFERENCE EXAMPLE 2 

Into a 200 mi four-necked flask, 4.24 g (15.9 mmol) of 4,4'«di-t-butylbiphenyl and 50 mi of tetrahydrofuran (THF) 
so were introduced and cooled to 0°C. Then, 0.22 g (31 .8 mmol) of lithium metal and 0.01 g of bromine were added thereto 
under an argon atmosphere, and the mixture was stirred at the same temperature for 3 hours. 

Then, after confirming that the reaction solution was dark blue, the mixture was cooled to -70°C. Then, a solution 
having 1 .22 g (7.57 mmol) of 1 -chloro-4-n-propylcyclohexane (cis-form/trans-form = 2/1) dissolved in 1 0 mi of THF, was 
dropwise added with stirring at a temperature of not higher than -50°C. The mixture was further stirred at -70°C for 30 
55 minutes. 

Then, a mixed solution containing 1.3 g (6.31 mmol) of 2-(trans-4-n-propylcydohexyl)-1,1 ,2-trif luoroethylene 
obtained in Example 1 and 1 0 m^ of dry THF, was dropwise added thereto at the same temperature over a period of 1 5 
minutes. The mixture was reacted at the same temperature for one hour and then the temperature was raised to -10°C. 
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Sct^nT^nHlf f!7 8 - * d 7116 ° r9aniC ' ayer was Se P arated - ^eous layer was 

exacted wrth n-hexane, and the extract was combined with the organic layer. The combined organic layer was washed 
with water and dned. Then, the solvent was distilled off. and the obtained crude solution was TS X 

bis(trans-4-n-propylcyclohexyl)-1 ,2-difluoroethylene. J 1 ' ' 

n-C 3 H 7 -Cy-CF=CF.Cy-C 3 H7(n) 



REFERENCE EXAMPLE 3 



nrJri.° i ! rt S s l! ,iqUid c CryStal ^Tf on < ZLM565 - tradename) manufactured by Merck. 20 wt% of the compound 
X*ob^^ 

Separately, to 80 wt% of a liquid crystal composition (ZLI-1565. tradename) manufactured by Merck. 20 wt% of the 

TrZ^J^f 5 Refer ? nce Examp,e 2 u ^^^^^^S^S^^ 

added, to obtain a liquid crystal composition (b). uu« eu .yiene. was 

had x^ssssgszr (a) and w ■ nd 1,16 ,iquw ^ composition (c) * m «* 



Table 1 



Liquid crystal 
properties 


Liquid 
crystal 
Composition 
(a) 


Liquid 
crystal 
Composition 
(b) 


Liquid 
crystal 
Composition 
(c) 


Clearing point 
(Tc) 


74.1»C 


78.0<>C 


86.4°C 


An 


0.123 


0.115 


0.123 


Viscosity/25°C 


11.5 cSt 


13.2 cSt 


15.4 cSt 


Viscosity/0°C 


46.4 cSt 




59.2 cSt 



Claims 

1. A 1,1,2-trifluoro-2-(trans-4-substituted cyclohexyl)ethylene of the formula (1): 

R-(A) m -Cy-CF=CF 2 (1) 

wherein R is a C^q alkyl group, a halogen atom or a cyano group, provided that in the case of the alky! group 
an oxygen atom may be interposed in a carbon-carbon bond of the alkyl group or in a carbon-carbon bond 
between this alkyl group and A, some of carbon-carbon bonds in the alkyl group may be triple bonds or double 
bonds, one -CH 2 - group in the alkyl group may be substituted by a carbonyl group, and some or all of hydrogen 
atoms in the alkyl group may be substituted by fluorine atoms; 
Cy is an unsubstituted trans-1 ,4-cyclohexylene group; 

A is a trans-1 ,4-cyclohexylene group, a 1 ,4-phenylene group or a 1 ,4-cyclohexenylene group, wherein each of 



16 



EPO 688 752 B1 



such cyclic groups is unsubstituted or substituted by one or more halogen atoms or cyano groups, one or more 
=CH-groups constituting rings of such cyclic groups may be substituted by nitrogen atoms, and one or more - 
CH 2 -groups constituting rings of such cyclic groups may be substituted by oxygen atoms or sulfur atoms; and 
misOoM. 

5 

2. A 1 , 1 ,2-trif luoro-2-(trans-4-substituted cyclohexyl)ethylene according to claim 1 . 

wherein R is a C^o alkyl group, wherein an oxygen atom may be interposed in a carbon-carbon bond of the 
alky! group or in a carbon-carbon bond between this alkyl group and A , some of carbon-carbon bonds in the 
10 alkyl group may be triple bonds or double bonds, one -CH 2 - group in the alkyl group may be substituted by a 

carbonyl group, and some or all of hydrogen atoms in the alkyl group may be substituted by fluorine atoms; 
Cy is an unsubstituted trans-1,4-cydohexylene group; 

A is a trans-1 ,4-cyclohexylene group, a 1 ,4-phenylene group or a 1 ,4-cycIohexenylene group, wherein each of 
such cyclic groups is unsubstituted or substituted by one or more fluorine atoms; and 
is misOoM. 

3. The 1 ,1 ,2-trrfluoro-2-(trans-4-substituted cyclohexyl)ethylene according to Claim 2, wherein m is 0. 

4. The 1,1,2-trifluoro-2-(trans-4-substituted cyclohexyl)ethylene according to Claim 2, wherein m is 1, and A is an 
20 unsubstituted trans-1 ,4-cyclohexylene group, an unsubstituted 1 ,4-phenylene group, a 1 ,4-phenylene group having 

one or two fluorine atoms, or an unsubstituted 1 ,4-cyclohexenylene group. 

5. The 1 ,1,2-trifluoro-2-(trans-4-substituted cyc!ohexyl)ethylene according to Claim 2, wherein m is 1, and A is an 
unsubstituted trans-1 ,4-cyclohexylene group. 

25 

6. The 1 ,1 ,2-trif luoro-2-(trans-4-substituted cyclohexyQethylene according to Claim 2, wherein R is of a straight chain 
structure. 

7. A process for producing a 1 ,1 ,2-trif luoro-2-(trans-4-substituted cyclohexyl)ethylene of the formula (1), which com- 
30 prises fluorinating a compound of the formula (13) to obtain a compound of the formula (14), and further dehy- 

drofluorinating the compound of the formula (14): 



R-(A) m -Cy-CH=CF 2 (13) 
35 R-(A) m -Cy-CHFCF 3 (14) 

R-(A) m -Cy-CF=CF 2 (1) 



wherein R is a C^q alkyl group, a halogen atom or a cyano group, provided that in the case of the alkyl group, 
40 an oxygen atom may be interposed in a carbon-carbon bond of the alkyl group or in a carbon-carbon bond 

between this alkyl group and A, some of carbon-carbon bonds in the alkyl group may be triple bonds or double 
bonds, one -CH 2 - group in the alkyl group maybe substituted by a carbonyl group, and some or all of hydrogen 
atoms in the alkyl group may be substituted by fluorine atoms; 
Cy is an unsubstituted trans-1 ,4-cyclohexylene group; 
45 A is a trans-1 ,4-cyclohexylene group, a 1 ,4-phenylene group or a 1 ,4-cyclohexenylene group, wherein each of 

such cyclic groups is unsubstituted or substituted by one or more halogen atoms or cyano groups, one or more 
=CH-groups constituting rings of such cyclic groups may be substituted by nitrogen atoms, and one or more - 
CH 2 -groups constituting rings of such cyclic groups may be substituted by oxygen atoms or sulfur atoms; and 
misOor 1. 

50 

8. The process according to Claim 7, wherein the f luorination is carried out by reacting the compound of the formula 
(13) with cobalt trifluoride in the presence of water. 

9. The process according to Claim 7 or 8, wherein the dehydrofluorination is carried out in the presence of an alkyl 
55 lithium. 



17 



EP 0 688 752 B1 

PatentansprQche 

1. 2-Trif luor-2-(trans-4-substituiertes 

R-(A) m -Cy-CF=CF 2 (1) 

worin R for eine C^o-Alkylgruppe. ein Halogenatom oder eine Cyanogruppe steht, mH der MaBgabe daG im 
Fall der Alkylgruppe ein Sauerstoffatom in eine Kohlenstoff-Kohlenstoff-Bindung der Alkylgruppe oder in eine 
Kohlenstoff-Kbhlenstoff-Bindung zwischen dieser Alkylgruppe und A eingeschoben sein kann, einige Kohlen- 
stoff-Kohtenstoff-Bindungen in der Alkylgruppe Dreifachbindungen oder Doppelbindungen sein kdnnen, eine 
Gruppe -CH 2 - in der Alkylgruppe durch eine Carbonylgruppe ersetzt sein kann und einige oder alle Wasser- 
stoffatome in der Alkylgruppe durch Fluoratome ersetzt sein konnen; 
Cy eine unsubstituierte trans-1 ,4-Cyclohexylengruppe darstellt; 

A eine trans-1, ^Cyclohexylengruppe, eine 1.4-Phenylengruppe Oder eine 1,4-Cyclohexenylengruppe bedeu- 
tet, wobei jede dieser cyclischen Gruppen unsubstituiert oder durch ein oder mehrere HaJogenatome oder eine 
oder mehrere Cyanogruppen substituiert ist, eine oder mehrere Gruppen =CH-, die Ringe derartiger cydischer 
Gruppen aufbauen. durch Stickstoffatome ersetzt sein konnen und eine oder mehrere Gruppen -CH 2 - die 
Ringe derartiger cydischer Gruppen aufbauen, durch Sauerstoffatome Oder Schwefelatome ersetzt sein kan- 
nen; und 
m 0 oder 1 ist 

2. 1,1,2-Trifluor-2-(trans-4-substituiertes cyclohexyl)ethylen nach Anspruch 1. in welchem R eine C, 10 -Alkylgruppe 
ist. wobei ein Sauerstoffatom in eine Kbhlenstoff-Kbhlenstoff-Bindung der Alkylgruppe Oder in eine Kohlenstoff- 
Kohlenstoff-Bindung zwischen dieser Alkylgruppe und A eingeschoben sein kann. einige der Kbhlenstoff-Kohlen- 
stoff-tatmgen in der Alkylgruppe Dreifachbindungen oder Doppelbindungen sein konnen. eine Gruppe -CH 2 - in 
der Alkylgruppe durch eine Carbonylgruppe ersetzt sein kann und einige oder alle der Wasserstoffatome in der 
Alkylgruppe durch Fluoratome ersetzt sein kflnnen; 

Cy eine unsubstituierte trans-1 ,4-Cydohexylengruppe darstellt; 

A fur eine trans-1 ,4-Cyclohexylengruppe. eine 1 ,4-Phenylengruppe oder eine 1,4-Cydohexenylengruppe 
steht, wobei jede derartige cyclische Gruppe unsubstituiert oder durch ein oder mehrere Fluoratome substitu- 
iert ist; und 
m 0 oder 1 ist. 

3. 1,1 ,2-Trff iuor-2-(trans-4-substituiertes cyclohexyQethylen nach Anspruch 2, in welchem m 0 ist. 

4. 1 ,1 ,2-Trif luor-2-(trans-4-substituiertes cyclohexyl)ethylen nach Anspruch 2, in welchem m 1 ist und A eine unsub- 
stituierte trans-1 ,4-Cyclohexylengruppe, eine unsubstituierte 1 ,4-Phenylengruppe, eine 1 ,4-Phenylengruppe mit 
ein oder zwei Fluoratomen oder eine unsubstituierte 1 ,4-Cyclohexenylengruppe bedeutet 

5. 1 ,1 ,2-Trif Iuor.2-(trans-4-substituieres cyclohexyl)ethylen nach Anspruch 2, in welchem m 1 ist und A eine unsubsti- 
tuierte trans-1 ,4-Cyclohexylengruppe darstellt. 

6. 1 ,1 ,2-Trifluor-2-(trans-4.substituiertes cyclohexyl)ethylen nach Anspruch 2, in welchem R eine geradkettige Struk- 
tur ist. 

7. Verfahren zur Herstellung eines 1.1, 2-Trif luor-2-(trans-4-substituiertes cyclohexyl)ethylens der Formel (1) umfas- 
send die Fluorierung einer Veibindungder Formel (13). urn eine Verbindung der Formel (14) zu erhalten. und wei- 
ter die Dehydrofluorierung der Verbindung der Formel (14): 

R-(A) m -Cy-CH=CF 2 (13) 

FHA) m -Cy-CHFCF 3 (14) 
R-(A) m -Cy-CF=CF 2 (1) 

worin R eine C^^-Alkylgruppe, ein Halogenatom oder eine Cyanogruppe darstellt, mit der MaBgabe, daB im 
Fall der Alkylgruppe ein Sauerstoffatom in eine Kbhlenstoff-Kohlenstoff-Bindung der Alkylgruppe oder in eine 
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Kohlenstoff-Kbhlenstoff-Bindung zwischen dieser Alkylgruppe und A eingeschoben sein kann, einige der Koh- 
lenstoff-Kohlenstoff-Bindungen in der Alkylgruppe Dreifachbindungen oder Doppelbindungen sein kfinnen, 
eine Gruppe -CH 2 - in der Alkylgruppe durch eine Carbonylgruppe ersetzt sein kann und einige Oder alle der 
Wasserstoffatome in der Alkylgruppe durch Fluoratome ersetzt sein kOnnen; 

5 Cy eine unsubstituierte trans-1 ,4-Cyc!ohexylengruppe darstellt; 

A eine trans-1 ,4-Cyclohexylengruppe, eine 1,4-Phenylengruppe Oder 1 ,4-Cyclohexenylengruppe bedeutet, 
wobei jede dieser cyclischen Gruppen unsubstituiert oder durch ein oder mehrere Haiogenatome Oder eine 
Oder mehrere Cyanogruppen substituiert ist, eine Oder mehrere Gruppen =CH-, die Ringe derartiger cyclischer 
Gruppen aufbauen, durch Stickstoffatome ersetzt sein kfinnen und eine oder mehrere Gruppen -CH 2 -, die 

10 Ringe derartiger cyclischer Gruppen aufbauen, durch Sauerstoffatome oder Schwefelatome ersetzt sein kOn- 

nen; und 
m 0 oder 1 ist. 

8. Verfahren nach Anspruch 7, in welchem die Fluorierung durch Umsetzung der Verbindung der Formel (13) mit 
is Cobalttrifluorid in Anwesenhe'rt von Wasser durchgefQhrt wird. 

9. Verfahren nach Anspruch 7 oder 8, in welchem die Dehydrofluorierung in Anwesenheit eines Alkyllithiums durch- 
gefQhrt wird. 

20 Revendications 

1 . 1,1 ,2-Trif luoro-2-(trans-cyclohexyl-4-substitu6)6thyl^ne, reprtserrtt par la formule (1 ) : 

R-(A) m -Cy-CF=CF 2 (1) 
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dans laquelle : 

- R reprtsente un groupe alkyle en C^q, un atome d'halog&ne ou un groupe cyano, k la condition que, dans le 
cas du groupe alkyle, un atome d'oxygtne puisse dtre interpose dans une liaison carbone-carbone du groupe 

30 alkyle ou dans une liaison carbone-carbone entre ce groupe alkyle et A, une partie des liaisons carbone-car- 

bone dans le groupe alkyle puisse §tre constitute par des triples liaisons ou des doubles liaisons, un groupe - 
CH 2 - dans le groupe alkyle puisse Stre substitut par un groupe carbonyle, et une partie ou la totality des ato- 
mes d'hydrogtne dans le groupe alkyle puisse ttre substitute par des atomes de f luor ; 

- Cy est un groupe trans-1 ,4-cyclohexyltne non substitut; 

35 A est un groupe trans-1 ,4-cyclohexyltne, un groupe 1 ,4-phtnyltne ou un groupe 1 ,4-cyclohextnyltne. ou cha- 

cun de ces groupes cycliques est non substitut ou substitut par un ou plusieurs atomes d'halog&ne ou grou- 
pes cyano, un ou plusieurs groupes sCH- constituant des cycles de ces groupes cycliques peuvent §tre 
substituts par des atomes d'azote, et un ou plusieurs groupes -CH 2 - constituant des cycles de ces groupes 
cycliques peuvent §tre substituts par des atomes d'oxygtne ou des atomes de soufre ; et 

40 - mvautOoul. 

2. 1 ,1 ,2-Trif luoro-2-(trans-cyclohexyl-4-substitu6)tthyltne selon la revendication 1 , dans lequel : 

- R reprtsente un groupe alkyle en C-mq, dans lequel un atome d'oxygtne peut ttre interpost dans une liaison 
45 carbone-carbone du groupe alkyle ou dans une liaison carbone-carbone entre ce groupe alkyle et A, une par- 
tie des liaisons carbone-carbone dans le groupe alkyle peut ttre constitute par des triples liaisons ou des dou- 
bles liaisons, un groupe -CH 2 - dans le groupe alkyle peut §tre substitut par un groupe carbonyle, et une partie 
ou la totality des atomes d'hydrogtne dans le groupe alkyle peut ttre substitute par des atomes de f luor ; 

- Cy est un groupe trans-1 ,4-cyclohexyltne non substitut; 

so - A est un groupe trans-1 ,4-cyclohexyltne, un groupe 1 ,4-phtnyltne ou un groupe 1 ,4-cyclohextnyltne, od cha- 
cun de ces groupes cycliques est non substitut ou substitut par un ou plusieurs atomes de f luor ; et 
m vaut 0 ou 1 . 

3. 1,1 ,2-Trif luoro-2-(trans-cyclohexyl-4-substitut)tthyl tne selon la revendication 2 f dans lequel m vaut 0. 

55 

4. 1,1 ,2-Trrf luoro-2-(trans-cyclohexyl-4-substitut)tthyl tne selon la revendication 2, dans lequel m vaut 1 , et A est un 
groupe trans-1 ,4-cyclohexyltne non substitut, un groupe 1,4-phtnyltne non substitut, un groupe 1,4-phtnyltne 
ayarrt un ou deux atomes de f luor, ou un groupe 1 ,4-cyciohextnyltne non substitut. 
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1.1,2-Trifluoro-2-(trans-cyclohexyl-4-substitu6)6thyl6ne selon la revendication 2, dans lequei m vaut 1, et A est un 
groupe trans-1,4-cyclohexyltne non substitut. 

1,1,2-TrifIuoro-2-(trans-cyclohexyl-4-subtitu6)6thyl6ne selon la revendication 2 P dans lequei R est une structure k 
chaine drolte. 

Proctdt de fabrication d'un 1.1,2-trifluoro-2-(trans-cycIohexyl-4-substitu6)6thy^ne de la formule (1), qui comprend 
la f luoration d' un compost de formule (13) pour obtenir un compost de formule (1 4), puis la dtshydrof luoration du 
compost de formule (14) : 



R-(A) m -Cy-CH=CF 2 (13) 
R-(A) m -Cy-CHFCF 3 ( 14) 
R-(A) m -Cy-CF*CF 2 (1) 



OD: 



- R reprtsente un groupe alkyle en C^q, un atome d'halogtne ou un groupe cyano, & la condition que, dans le 
casdu groupe alkyle. un atome d'oxygtne puisse Stre interpose dans une liaison carbone-carbone du groupe 
alkyle ou dans une liaison carbone-carbone entre ce groupe alkyle et A, une partie des liaisons carbone-car- 
bone dans le groupe alkyle puisse §tre constitute par des triples liaisons ou des doubles liaisons, un groupe - 
CH 2 - dans le groupe alkyle puisse §tre substitut par un groupe carbonyle, et une partie ou la totality des ato- 
mes d'hydrogfcne dans le groupe alkyle puisse §tre substitute par des atomes de f luor ; 

- Cy est un groupe trans-1 ,4-cyclohexyltne non substitut; 

- A est un groupe trans-1 ,4-cyclohexyltne, un groupe 1 ,4-phtnyltne ou un groupe 1 ,4-cyclohextnyltne, oti cha- 
cun de ces groupes cycliques est non substitut ou substitut par un ou plusieurs atomes dtialogtne ou grou- 
pes cyano, un ou plusieurs groupe =CH- constituant des cycles de ces groupes cycliques peuvent §tre 
substituts par des atomes d'azote, et un ou plusieurs groupes -CH 2 - constituant des cycles de ces groupes 
cycliques peuvent §tre substituts par des atomes d'oxygtne ou des atomes de soufre ; et 

- m vautOou 1. 

Proctdt selon la revendication 7, dans lequei la fluoration est effectute par reaction du compost de formule (13) 
avec du trifluorure de cobalt en prtsence d'eau. 

Proctdt selon la revendication 7 ou 8, dans lequei la dtshydrofluoration est effectute en prtsence d'un alkyl 
lithium. 
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